Background: If the effects of alveolar recruitment are beneficial, but of short duration, repetitive recruitment maneuvers (RMs) will be necessary to maintain oxygenation. This study was performed to assess the effect of repetitive alveolar recruitment, with high-sustained inflation pressure on oxygenation and compliance of the respiratory system, in patients with acute respiratory distress syndrome.
INTRODUCTION
Pressure limited lung protective mechanical ventilation strategies have been proposed for patients with acute respiratory distress syndrome (ARDS). 1) This emphasizes the need to open the lung and keep it open 2) while avoiding alveolar overdistention. ARDS patients would be recommended to ventilate with a high level of positive end expiratory pressure (PEEP) to achieve lung protective effects of alveolar recruitment. 3, 4) Lung recruitment also may be achieved by periodic and brief increases in transpulmonary pressure to higher levels than are achieved during tidal ventilation (recruitment maneuvers, RMs). 3, [5] [6] [7] [8] Amato et al. 3) showed reduced mortality in ARDS patients who were managed with a lung protective strategy of relatively higher PEEP and small tidal volume combined with RMs.
RMs consisting of sustained inflation (SI) have been advocated
as an adjunct to mechanical ventilation in ARDS.
The lung protective ventilation strategy used by Amato et al. 3) resulted in better survival, but it was not clear if the RMs contributed substantially to lung recruitment, reduced ventilation-associated lung injury, or improved outcomes. If RM effects were beneficial but short duration, frequent RMs would be necessary to maintain their effects. The effects of repetitive RMs must be better defined. We hypothesized that arterial oxygenation and lung compliance would be improved S 67 
MATERIALS AND METHODS
Informed consent was obtained from all patients or their next of kin. Ten patients eligible for the recruitment protocol were those with hypoxemic respiratory failure and bilateral pulmonary infiltrates. Those who had obstructive airway disease, pulmonary barotraumas or hemodynamic instability were excluded. The main causes of acute lung injury (ALI)
were sepsis (n = 6), chest trauma (n = 2) and aspiration pneumonia (n = 2) ( Table 1 ).
All patients were intubated and ventilated with pressure SaO2 (%) 93 ± 1 9 8 ± 2 9 7 ± 2 9 7 ± 2 98 ± 2 99 ± 1
Values are mean ± SD. Pre FRM: pre first recruitment maneuver, Post FRM: post first recruitment maneuver, Pre SRM: Pre second recruitment maneuver, Post SRM: post second recruitment maneuver, Pre TRM: pre third recruitment maneuver, Post TRM: post third recruitment maneuver. *: P ＜ 0.05 compared with pre first recruitment maneuver, † : P ＜ 0.05 compared to the value before RM. Ventilator parameters at pre and post RMs are summarized in Table 2 . Compliance of the respiratory system of post third RM improved significantly compared with those of pre and post first RM. The changes in plateau pressure, peak inspiratory pressure, exhaled tidal volume and compliance from pre first RM to post third RM were statistically significant (P ＜ 0.05) ( Table 2 ).
FIO2 decreased from 0.9 at pre first RM to 0.5 at post third RM. FIO2 of post second RM, pre third RM and post third RM decreased significantly compared with that of pre first RM (Table 3 ). PaO2/FIO2 (P/F ratio) improved from 98 at pre first RM to 288 at post third RM. P/F ratio of post second RM, pre third RM and post third RM improved significantly compared with that of pre first RM (Table 3) .
FIO2 decreased significantly (P ＜ 0.05) and PaO2/FIO2 (Table 4) .
No patients showed barotrauma developed by RMs on chest radiograph.
DISCUSSION
We conducted RM three times with high sustained airway pressure (CPAP of 40 cmH2O, for 40 seconds) and assessed the effects of each RM on oxygenation and compliance in ARDS patients. We conducted our study in a manner that was similar to the technique used in a previous trial of a lung protective ventilation approach. Pelosi et al. 11) reported that RMs improved lung mechanics and oxygenation only in patients with extrapulmonary ARDS but Grasso et al. 12) showed that underlying disease did not influence the amount of improvement in arterial oxygenation after application of RM. In the study by Pelosi, 11) VT was 0.56 L (approximately 10 ml/kg) and the static end-inspiratory pressure of respiratory system was 31.6 cmH2O during baseline ventilation. In the study of Grasso et al, 12) the same parameters were 0.38 L (6 ml/kg) and 23.3 cmH2O respectively during baseline ventilation. The larger potential for alveolar recruitment by lower VT and end-inspiratory pressure of respiratory system in the study of Grasso et al. could explain the improvement in arterial oxygenation with RMs. It was also noted in pulmonary ARDS from Grasso's study which suggested as non-responder patients in Pelosi's study.
Application of RM improved oxygenation only in early
ARDS patients who did not have impairment of chest wall mechanics. 12) Improvement of oxygenation at first RM was not consistent with the causes of ARDS in our patients. The baseline P/F ratio and P/F ratio after first RM in our patients was lower than that of non-responder patients of the Grasso et al. study. 13) This suggests that our patients' lung injuries were severer than their patients. In our study the improvement of P/F ratio at first recruitment was not more than 50% in all patients defined as a responder with RM in Grasso study. The effect of first RM on oxygenation and compliance might be limited because the mean difference between peak pressures during tidal ventilation, 33.5 ± 3.7 cmH2O and RM pressure was approximately 7 cmH2O in our study (Table 1 ). In the study by Grasso et al. 12) improvement of P/F ratio after RM was 175% in responders and our data showed 288% improvement after three RMs.
The composition of inspired gas can also play a role in maintaining the recruitment effect, because more rapid de-recruitment and reabsorption atelectasis occurs at a higher FIO2. 8, 14) FIO2 should be reduced to the lowest acceptable level to prevent lung injury as well as to reduce the rate of de-recuitment. 7, 15) In our study, the improvement effect of RM on compliance and increase of exhaled tidal volume were statistically significant only after the third RM (P ＜ 0.05).
Repetitive RMs might cause increase of exhaled tidal volume
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by way of compliance increase.
The RM pressure used in this study was not as high as in other studies of RMs in ALI/ARDS patients 8) and in animal models of ALI. 16, 17) One may argue that application of a higher level of continuous positive airway pressure for a longer period of time may have a greater effect on gas exchange. 12) Foti et al. 8) suggested that RM could improve oxygenation at relatively low PEEP (9.4 ± 3 cmH2O), but it was less effective than a higher PEEP level (16 ± 2 cmH2O).
More aggressive RMs might worsen the hemodynamic impairment 8) and therefore limit the clinical use of RMs at pressures greater than 40 cmH2O.
The PEEP after RMs could be used to maintain recruitment. A limitation of our study was that we did not measure pressure-volume curves. In the group ventilated with the protective strategy, the PEEP level had to be individualized in each patient at a value 2 cmH2O greater than the lower inflection point of the PV curve. Concerns with this approach include the difficulty in measuring a static PV curve, the potential risks to the patient of paralysis and loss of PEEP during the maneuver. 19) Our results show that three consecutive RMs improved P/F ratio and compliance significantly within one day. Although the number of patients was small in our study, results suggest that repetitive recruitment could be beneficial if used earlier for ARDS patients who are supported with a lung protective ventilator strategy of higher PEEP and lower tidal volume.
